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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method 
capable of precisely grasping a floor reaction force 
acting on a leg body of a two leg walking and moving 
body such as a man and a moment acting on a joint of 
the leg body on real time by a comparatively simple 
method. 

SOLUTION: Whether a movement condition of the leg 
body 2 is in a single leg support condition or a both leg 
support condition is determined, and a floor reaction 
force F acting on the leg body 2 in contact with the 
ground is inferred based on a movement equation of 
center of gravity GO of the two leg walking and moving 
body 1 when the movement condition of the leg body 2 
is in the single leg support condition. When the 
movement condition is in the both leg support condition, 
floor reaction forces Fr, Ff acting on respective leg 
bodies 2 are inferred based on the movement equation 
of the center of gravity GO of the two leg walking and 
moving body 1 and a relational equation between 
components of the floor reaction forces Fr, Ff of each leg body 2 and a position of an ankle part 
1 2 of each leg body 2 for the center of gravity GO of the two leg walking and moving body 1 . 
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f. z f) . mm# 2 <m^& 3 r©{4g©jsti£ * 

(Xr, Zr) <t*J< i. ±E©Mfla:tt*55 (4) <!;&* [002 1 ] 
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SSB<i3f, 3r©{ig (C4a«5£ (5) "CBAXf, A tt»Lrc>*ll*«:fffflT4IWBlK5*©«t 

Zf, AXr, AZric<fcf)^$n-5) fcfflSffttf* •£ £ft£S:fcf»>> IWBT. ^S^f^tt{*©M)W3mt^|-C 

CDftJjtgaR^SaJ{i3f. 3r©{4^i. H&mm $>Z>t £«C(*> —&&'lT&W)&0)m&tmtlM&&tm 

s&# i ©msMooffl <t . mtfimmm. g ©<h £ >r . wm<b<DMm& t mm#a>^ti?tiK.{*m? s swa^s 
wia^ (5) tcj;»). s»#2S©j*sj'3Ff= i (Ff ^iK+.osisn^s^att^iU^ &Mmc{? 
x, Ffz). f r= t (F rx, f rzwimmzmzc <t#-c m? zmi&m&t)&mM#<DM5iftj£nm^Mzem& 

«:r6]*^r^ffl-rsi(ssLTSs^. &«n*©*#5£gfl 
[0025] corns. mssJiFf, f r©«i5gffi£f#s {a©Birge*^{c*fr^{4g<big»ft«:{^ffl-r^,B«famjs 

5C<t*5T?t^„ S'frGOOfllljiJga^S'kGO© 6iwfaJ*JK#©^M£}^*&SC 4> 

mm. ^a^Goccst-r^Birta^spfisf. 3r©{ia ©-e&&. 

(co(,>r«. HMfflttf&jSir***. -%.t£tf&shw i ©£• [0027] a^&^BSjcina:, Miam 1 xt-? ^ 

mm^m^nm (is^ftg) *^ta-r-5-fe>^. ttiit jc^t. -s^f«i*i(*©w{*©as!)^*ww3:^ 

K-fe>-!*\ y-c>rn-b>-9-i?©42>-9-©m^;?rffltir, t^-c*-2.A««i5:t#t^-c*s*^«»f sn, ^-n^e 

££o©^&^{c J; o i^iefi-r £ c t*5Hjfig-c*-s.o n©3tf*^«ci&Dfc^(c<i: o mfta^s:^©*^* 3 

[0026] vL±mwutcctzm&£vx. *§m* **6ns„ Tt£t>*>. -&mmwi#<DmM3ffittm 

x.ttum?z>. &mn(Dr.g.&tf®W)ft<DmJxJjmM-fi r«. -jsMT^»&©*'C>©iwj£©ji«j:£*i5£ <3£ 

a, -&mmn&<o&m&Ki{'$mir zfcix. < 1 ) #m> ccs-^^r. -jimmm&omm., mt> 

tazis^tf^tt^©wi{*©aat)ttfli*!-€-©-^©*©w n^ir£B«iaj*j^©Htsfiia s #&^£ <ss (2) # 

T^£P3p£f#R1§T-&S^£¥iJ»f-r 518 Uf'^ [ 0 0 2 8 ] -J£#ff^l&{*©P9lW3m#ysrc 

iiie-S*tf^Ib»©»'^©fi[g?r^^**oo, ». -J££fT*£S&<*©M<fr©iwj$©SSW7e5$ <5£ 

|^!i-i:x©fi[g©KJ^j7 r -ir5rffl^r)^{<:>rtl/'C@^3 (3)#M) <fc. &Wf*©*$/E^{4©ii5tafi'frKx*r& 

n/t^*fffi^r©KM^©tt]jSs^^*«!)-5m2x fea<beiW{*{cfpffl-rsMfe^JK^i©ra©ia^i»: cs; 
f^i. d>&< it>H5iaM)Wi^f#t^K*ii»r#w{*: (4) ) itcs-^^-c. -jE^f^sti»©tta. mjim 

tt?z{&&zm-te£ibz>m3z?-v7£&ffiz.z>. ^sp{4©{4g^6. ww<*©^tt^ft&c<i;fl?-rsiEfcJ§: 

r. ^mom^hmm^mit. B?ta-s^f^s6(*© so ^©msffl*5*«)6n^ (a: (5> #m) . ^. *»$ 
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mmmc^-tzmut^v. futas-o©®®*** 
ztc&tcm^ h mmfcaym^n sat . ssitaKSERcflisj 

r. tttecoite. msm#v>ir*:f'Mt. nutans 

i^MipRo'WfaflSKeetDPaioAifflgpi . 8«riaM3Pi . 

[0042] chtcina, 4$(cr£$ff9ttft#Am 
r*£»^«: t ^©*(>©{£g-?>flnjfa£fiig<fc < jell 

^scitfrss. 

[oo43]^. ±.m<D* *>K.m&<j>mtf*i&&fr?>m 
tsxm&tcttir z-&mf &«&#©«<!>©&§£#«!> z> 
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rss. c©»£. st*£tcttr&gire^8«ft©ttK 
*#*.&fcsMc ! &g&^-5 > - jr tt. &rie£i*j&©tt£ 
fl*(cJ:->raifcS. tt^igflHfrP&ffPft© 

fctt. §£JP<*©«£4ftgE (Hft^WIBRaJRCflRa^W 

mm^ommnm) <t. &i«*©i&iwg5Rtfi&i«gii©iffl 

ttftSi. SWftcDAiiaJSO'TegPcDlr-^X (S3) 
10 **»4CiiRi6T?*5. 

r«rE^fi#fT^tt©#IW*©*J>*c < i i>—o<DMB 

w#©i&Mi5£:rt- i, r 33$ s nfcSH»©«MftS & ire 
nmt la -s^tf^s&<*©* h *> o *s*/cs»^© m 

20 fa^*tffi«^«:*jWitti3igi*^#i^tiiti'J-r^^7 : - 

*wt ^«t<*©^im*fflssp©«^s*a^*«f)S^-f 
wfass«i*iisaj©««fts<i:«H9ma^ai© 

^sp©*6*>Dii>*«f)fcm'C»©fi[a<!:{ca-^#. mas 

WAtcarc- SSH«*ffi^SIJ©S'C»©fiS«:^*ii>« i 

©fi>^»niiSiMiaite>ptffis*{c*j w sineamio 
be* zxrvft. ttrnzMmmtmomto 

tB^gP<tL/r©&Wft©AIHgP©ffll4ftg£<i:. &»<*© 
BM«5©JBlftftflti©9%©^«e< i*>-*«c*-J*K 
40 HS^tf i^«H*{C*$ W *»«»©«RS^ffljS©J83eti 

i> fwaflcS*f¥fflMi©«t3eflaii. Htfaiffi>Ftffis^{c 

*»W SKRd^B^SB©* 6*^ t;A«»fci-C,^ffiSi . 
SP5!l«EraSSP©*e.*'D**«S>fcett*-J<> h i*ffl 
c » r mbti^ # WErjSiMf»«M*©»il 

W<D'pt3;< ±i> — 3©WSS {C^ffiT HSrSt^ 

50 -ric:i?:i$iii-r^>fc©-c*€>. 
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t o o 4 5 ] ft. mm<D£ i K, mizmfxtiimiimc 

m^tdmw <) > f^f^t m— <om& y 
m-rtntj:^ io 
C0 046] fr&z*mi®mB*:-s<>himj]mv 

attftSi zstmt scit, *ti&©ittH? : --$ft>6 

aw-) &em? zctwajm-cbz. *vxs &mftm 
*}©«« <»l,<». smtmmmicMu-cfmuitm 
^gp©ffi*4ftg<t tc*-3i>r fiwasnwiitcaf-r &&Mtt 20 

taaifiw**^- 6tess n sg»i>©fiBB© 2 r§ 

tt£8ffitti*M[©Aiaj&S:tHHf 0~C*$< CiK<t:»), K 
'CtfDtttitKai, Rfi<k©*i&*CCttTr£>JJlljIK£. Mf2 

&v&©tttiut (*e>Ftffi«^-c<D»njie) ^^sana 
at or*«>e.ns c <t t &*. 

[0047] £ 6tC. ms^M^ffi^ffOflUsf ASO^ 30 
T. ^<£*B^gB©ftJJOa@L#*&e>tl£. 

[0048] ifc, *®mm%&<m%.tcj;tiii> -S 

m^-&mmnw<Dmw^^t lt©sjb# 
©*Baj©«*uifl«>. m$m<DmmB<Dm&ft&±& 
«&*a»H«*«-r*. ee-^r. i«&©a«©<«£4 

«-3t>T. rs*frBf«Mt«:*jW4J*s*f¥ffl^©Jt3E 40 

[0049 ]*l/t. ±M©«fc 5 tC—£.m7&«i&<D& 
MHcfB^as©m4>©AiaK. RMIWB39S©fiJnaft. 
flsR*ffffljS©«Befi[K*3i!«>fcit, B5fSi*K2l*tSg: 

^«:«fcf)*«)6n^)*s^©«i5tfiii»#-c» -ene> 
©•r-^^*>e. ^©sfpMtt^^r^Kca^^r 
awft©ttwfiS4»jHiwfiii«:ft«-r**-y> h*i»Er 

c©&tt#£-£? s ;U(c£'3<^&u:. 
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ft) fcHraa»}m££*m>rft{*«/> **?**© 
aw»Kffia-r*na*!f»«if*©aa®«:ffffl^** 

-J > h*lRR*ffffljSCcj:») ifi«r>«>©3&»6«»K:*ab 
ri»<t©r*4. ttftttfiarra**. 

^»T*stu/cJs^. siwi*©Tiigp©fi^©Mjta 

ttfcH-r-satt^SSK. iSTIigC©M^©*niSg. ft 

iwt(cftfflr*aaK*©«sEii. Tna5©sfi©«i^® 
jars ci-r. saw«:©fi?ra85{cf^Ts* (wsss 

^3i> BE»»©Tnau©ftftiiMt4. ww*©aasajff 
gptcfcc-tsRTffispoS'^oiigs^srrffiSB©-^^ x 

(S3) *ft£» ftTI8SB©«tt*-y > 

h ©ffl <t . RTIfiS8B©fi£4ftg©<ii<t «ttTftft©B(K 

attKM-rsasft^esSKiaffl-rici-c. ftj»&©& 
wg0©*- y > h &j£S-r -2. c t # s. 
[0 05 0] &SMoxkmm>m*b<D&mMMK. 
wrsatt^gsSK:. ft*iiisB©«4>©ftjaffi. ftft# 

©BEWaSCCfPffl^&BBBS*. *IG§8l5©SS©ffi££a 
ffl-TSC^-C. RW»©«5M©CCf^ffl-r-5Wg5S*36i*«J 

mcistt •5»te^ci5gP©S>^©fitgRi>'K^:Pa5©-^ -f x 

h©ffii. R^iga5©i^4fts©fii<h=&is^:iia5©i5ig 
a»KBHria«06rg5««cafflrsc4r. sw«:©)!5 

[005 1 ] )&>*»**»«©»»*- y > h«^*ft(C 

<tnw\ iwa©*»w©aaK*jiBe&is«cj:»)*«>6n 

W«R*©aeeiiJfeffit>rW*©IHffli«:ftffl-i-**-y 
[0052] 

[»w©nit©»»] 49ftn©^iewni«NEi9 1 3fe 
WC02~H1 o*#jHi/-c»wr*. 

[005 3] -S^tfS!»*t Lt©A 

iHJc**w©flcs*«ee*ffiRanHHi* - y > h 

[0 0 54] 02 5cm^bl/-C^TJ: i 5{C > Arai«> 
*©«Wi**8lr*t..aE36-»©Wft2. 2 4, Iggp 
3RCflWW436»6teSi«*5 4. 5MSP6 <!:. &6H»© 
)Se*7, 7 4*Wf-5. Pft5». *©K«|S3*S|l|tt 
2, 2©**i-eti«cfe&— »©JBM8fiS8. 8 4/M.ra 

esti. nn»2. 2±{c3m$nn^ <> s/n, 
5 ©mas 4 «. igsu 3 ©±iffltctg)igaj 3 cc*t am 1 

©Hr^flf(ciW4?Tfi6<c??0-CC^. tit, C©Bft3P4 
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©±SB©£;&MII»6]S6<*7. 7 #51133 ft. KM 
4<D±«gpicSISP6 #33$<?ftT 
[005 5] &BW&2. 2tt. )SMg5 8 7!P6Jift-rSA 
iBSP9t, ifc*cfl2SP 9 <7>$fe^§*^ e> jaiMgp 1 0£/M,Ti£ 
a-TSTIigPl 1£*WU TBIgBl KD^ttSHtC. £ 

msp (Slrwip) i 2 zitur i 3 ft r 

[0056] xmrnrnm-ctt. c©<t >> ttmrntmrz 
Am i (o&MftzMm-rzmfxtxDifm. <* etata 
mm i o Rcfflaw® 8 tcfMi-*- s*-^ > h ©jts^tf 

[005 7 ] iTftft*i. fM*5 0M*4«:«. Jfe|gP4© 
ffi£4(cf¥ 5 Hilgtc j£ Dfctftf? -5 + a -b > 

■fe>-9-15 (KT, ISlgI5firf^jnjIg42>-9-l 5iC^) 

i. cfu mK mmfrhnmztizmniimgmi 6 

*mmzti-c^z. c©*§^. cft^jiaigp^wa-fe 
1 4 . usi5B«^*n^-b>-9- 1 5 . mwnsmgm 1 

1 SCClR^Sft, ^JRggPMl 8^0"C)i&|gP4(C-tt: 
tftfcSJgSftTOSo 

[005 8]^. jagcMiS-fe^-y- i 5©m##s<-rjjn 
-frfa (m2<Dt&*immm<Dxmjjfa) -c©finag-c&s 

MSP 3 l>ttfl&SP4 *s|8i£^[fil (B 2 ©*g*ra& 

[0 05 9] mw5<Dm^3iat. ^gp3©*g*4 

9 («T. K§P^ + -fP-fe>+M 9<h(,>-5) t. |g|gP3 

©Hu^isj©tt]jiK(ciDD fctH£&%£-r -sflnag-b > 

tJ-2 0 (WT. MSPB^gMtS-k^l^Oit^) i. 

jggp 3 <D±T^m<Dmmm. m& o tcmjiz&£.? zmm 

1 (feTF. KgP±Tflni&g-fe>lJ-.2 1 <tl,> 

fityci£» • ©esft-ros. 

[0 06 0] CC-C\ BMSPBttft»naSi2>-^2 0«. J: 
9f¥0< t*ISjgPM^»n3M-fe 1 5 <t|im )1SP 3© 

^©flnag^^m-r^Hz^r*^. */c. jmsp±t 

flniIS-fe>1f2 ltt. £9ftL<tt. flgSP 3 ©$fto>:frfi 

r©±T3jfa©JjnilK (cfttt8ggPBu^raMS-fe>^2 
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•fe>^2 ltt. -«iM©*DSg-fe>1*-K:J: l 9-^fi«»Cti 

ftfc 4> ©■?£> o r J; 
[006 1 ] 3 6K§P#2©J8Klgii8£J&IWgii 1 0 <t 
CCti, -?-ft^ft©@ftftSAec. Aed&CfSD/cHi;*j£ 

^flawsefts-fe >v 2 2 Rorassag-fe 2 

3#£l#;*ftTl>£. ft. ^Mgpftg-t2>1f 2 2tcoc^ 

-c». m 2 -cte^mrfflfl (AP«a 1 <Dffit}K.fafrr>x-£M) 

©Wf$2©fl5Mffi8{c^ft.2,rag5ftSi2>-9-2 2©* 
tfB^ft-c^&a*. fte^rfW (AWi©wr^tcrSj#o-c 
10 ©W^2©a5MI58fc« > ^B?ffifl©fl5Mt5ft^-fe 

[006 2 ] Cfte>©ftg-fe>1J-2 2. 2 3«. m« 
^f'^i'a V-5f{Cj:0^3ftfc4>©r*«5. g-ISPf* 
2(C@SbiftL»A-> K8Pl5t^©#m*^-Lr^»$ft-C 

ftgAOctt, «fc«3i¥L'<« > JSS|53<!:&W«:2©AI1 

§P9 ±<D£mmm*ffiM<Dm&m& m^itArs 1 ©a 

5LgmVim<D<i: *> «:|ggP3 ©H^t AJEBgP9 <DM<fr & 

Si53«:*f-r^SJ»I*2©Ailg|5 9©fl5Mg58|5I0 (APS 
1 <Dte&^|&J0C*sW €>SSB5gp 8 (D^CvIhI 0 ) ©@$K#e 
-C&So fiI«(C. S«Mt>t2 3J55ftW1-4I 
ftftSA0d», #W»2©AJEigP9iTII2gPl l <!:© 
3fi»W«3&«Bf3e©se»SI« (W^.«AJE5gP9©«l^<!:T 

zzmmtLtc, ^dHaJ9cc»r*Tiii»i lommm 

l 000 (AW l ©2E^3fSi:c*jW-5Kg|gp l 0©«h> 
HO) ©ElKftSrS)^. 

30 [0 0 6 3 ] f^. SljiaS-fe^ l 4, 15, 19~2 3 

«. *ft6©m^?£Si»*affisisi 6 K.AJ1? s 
ftri^ 0 

[006 4] MIEiH^MS^g 1 6W. 03 tC7jk~?£ 5 

6tt. )gSP±Ttt]aS-b>^2 1©^^^-^^. 

T StKS;>3it5E#& 3 6 «C J: <0 6 ftfc^Wft: 2 <DW. 

fxtiomnmco^-^t^m^x, at^kom^2, 2 
<D&mm&mm%tmm (mi (a) a>tm) -c&z 
40 i)\ m&mtm (01 (b> ©«.«) r*&*»*«K 

s^g 1 6 «. nagpBuf^jnjSg-fe 1 5 sow^ + 

-fdt>t 1 4©t£tfi7 r -*£fiH>T. iagP4©ite*fffi 

l4fta«-ifJ*S 25i, K9StV&A«K-fe >1f 2 0 SO' 
^gpy-H'o-feVif 1 Q<Dffl&? : -2*:m\.>-Cs ISSI53 
©ite>Ftffi#^Cf(c*$WSl«i4ftS0 b (AttftCCttM*. 

so *IggMS£4#&itI'J^©2 6 i =&«^.rc>4. 
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[ o o 6 5 ] ? 6k:. mmmmms i 6 ». ussmaa 
- $ t mimmmm stta^s 2 6 tc j: o htm 3n/c 

fCfcttSAIS 1 ©*?£.«££ tT0 2 {C^i 9(CjRtf 3 

tcg^sns^wsts^cp (02©x zmm) <Dn&* 

1 (a „ x. a „z)£^-5*mj»jgKita<J^fg 2 7 

*tfAli31©£;&©JiSWffi8. 8©^tt^tt©t£-i>£*S 10 
^©4^£Eu*>0£U «&:&fflezM£ffl. AM 1 

©#ft** ffi5EJfcttmm& Cft ISI-©JS«« ) r & S . 

[006 6] mmmm^m: 1 6 «. g8P#2©fls 

2 ©AK8SP 9 R^TSSgP 1 1 ©*ftiMKD*I» 
ftffiSc 0d. S2#i) Jfca&SWffc5g^#ffl^S2 8 20 

[0067] sfc. mnm&m. 1 6 «. Bui2iaajffl#4 

ftflBH«#R2 5 . S£MS&Al£tKIH#f!t2 6 ROW* 

a. JggB3©M£4#g6>b. MtAC&Wi*2©All2I59© 
«*4ftS0cSJ>*Tligg|Jl l<Dm®PlR6<KD7 : --Z*:m 
or. ffcffiDMfty >f*T : ;Kc*H5^-^Ara l ©SHU 

g|§Wja2 9<b. ZcD&mmm&fDM'bCDiiL&V? 30 

f*©s<o©&g &m#> -s#^s^[4gfita*g:3 o t. 

^■©AR3 1 ©£&©*<i>go (a 1 #M. fcTF. *<*S<0 
COit,^) ©{£§©7=-* <bWfaJilPf&£^«tfJ#f32 8 
SSJS««:2 ©Ail 8C 9 RD^TMSP 1 1 ©-eji-eft© 

£&«n* 2 ©#*gas<a <t u t©s««* 2 ©airgp 1 2 © 
##s^co{c»T5{5ig (wl-<«. mriass (5) tc*j 

W4AXf, AZf. AXr, AZr) £3fcis{>-SS^{a§|§L 
ffl*l£3 1 <t. msZMtm<b<iL&&tii&®.3 0lcJ:2>M 40 

^-^©{ig©-^- # <t m%&mmm&m.Hig!&m 2 7 tc 

<fc •& JH$J3E0S C p©/^* O ©JjniHiK a„0f-i!i4I 
C^r^fjSa^CfCC*jW5#«:fi^C0©JjnjSKa = 
'(ax, a z)(S 1 #RB) £#«>£*#«'l>tt]iigf|?ttii^ 
&3 2<t£«i*T<,>.&. 

[006 8] 3 jg^S^g 1 6 mesas 
4>ttB»m*»2 9tc£Z>MS 1 ©&m&*I^SS©ffi<0 

©as (»l< im#2icmt>zmm$^<Dn>b<DGL 



<&ffl2 0 03-89083 
18 

ffi^Cf5CfcW€.S»li*:2©AffiSSIJ9SLa f TMglJl 1 
©*n-en©*^©tt]jiS (ifeiiftDjiS) 

&g«jnjig3?m*a3 3 <t. i?taw^i&»w*S2 8 
«c 2 ©Aiaas 9 Randan 1 ©-e^-en© 

WSSSP&2, 2©AlffigiI9SCfTi8SIJl 1 OAAfiSlK 

^#i?)^)ftittsgiifttti3ie[SLm*m3 4i» ttiiEWf*^ 

f$»tt#S 2 8 K J: «3 &sb h ft S AHISC 9 ©flS£4ft & 6 
c^, SWB«WI»fla-fe>-!»-2 3fc«fc»)lf«ISnSHiHI 

[006 9] sfc. mm&mm& 1 6 «. «n£usKtt'& 
flnasstm^© 3 2 tc j: s #{*fi>^©flniis a © f=- ^ 
iHoias«&@#m^m3 1 cc «fc ^S««*2 ©HlrSB 1 
2 ©^tts-wctt-rstig©^- ^ i mzm#mwfflm 

^m. 2 4 (C<t £JW* 2 ©atbt^O^JBr^©^- f i 
&&%VJamig.mm¥&3 3{Cj:^#W{*:2©Ail§P9R 

urmu i i ©s^©»njis©x- ^ t wte&^nmm 
mmm^m. 34tc<t5 2 © Anise 9 r^thsb 1 
1 <Dftmmm.<D7 : - 2 tm^nm^tm^m 5 tc j; 
^jg^fm^mstifi©^- ztmtm&mmn.& 

^©2 8tC<fcS§W*2©A)E8g|59SO'T)lia51 1©^ 

*ve*i©fs*4ftK0c e<xD?-itt*m^x&M&2 
©KMisi oscxKRitestc-en-en^-r-s-t-^o 

[0070]^, ±^©^#MS^g 1 6 ©S^S;© 

[0071] Ara 1 *s^fH© 

W(*2©SSfi^f^«:|SL-C > M»*2. 2^S*$-t± 

iSA-r <t . mnm&mi^m 1 6 kj: ^mmim-mo-v 

[0 0 7 2] -Tfetofe. * T> SS^S^g 16B. b5 
IBJ«l^ffitt*iJ»r^m2 4©tea*l^f-r2>. £!©»{*« 
lb«»r^l52 4©*!iS-C«. HulBtf^ ^ Aff{C. 
HtflBMSP±TflnjISH2>^2 l{Cj:^,)gg[J3©±|fiI#^ 
[^©MtgWffctti'r- f e>*^ G*5£«)/cmS©Kfii 

tktmztiz. -eur. ig»njigE©^tn«t*5^©pffl^ 

tm&ffiteL, K^>. mrlBSl (a) ft^LfcJ: <5&i|i 
»P3a*««3Mft7-f-StflK3n.S. ^fe^fe. A^l 

©*Mfu${t. mw3£^«ffij&»6ww^}t#aS'N©^ : f© 



IS 



©J:5&cjggB±TflniIg-tz>iJ-2 1 (c«fc* lg?SP3 ©±ft 

zxfaommBKD&tti * zm m<D®m t it®-? * c 

[ 0 0 7 3 ] gfc. JW»«S(j*IJ»r^2 4 ©gyrci*. 

tcj}cis6e>nA:^j»i^2. 2or>-eta-en{c^ffl-r6i*s* 10 

Ff, Fr(01 (b) #M) ©m^ffl©^^, AR8©ii 
??;£fc(C*j- Or iMflcDSPi* 2 (C^^^Jgyj F r= T (F r 
x. F rz)<Dtmm (l£ L < ttStHa&ffi^g 1 6 ©iig@© 
"9- W i» ;U jr A t>tltcmi3.j] F r©jg*tfil = V~(F 
rV+Frz 2 )) *5*e>^D«?>5tS!>fc^(DSHi <BS To J 

©iE©fii) tttmstiz. -tor. sueks^ f r^«5£ 

S. ft. #**«»T?tt. *M*2©««rt*8g©fflttttai 

«. wwsmtRss-r?**). i,>i*n*>- #©j»**2 tc&z 20 

SttflK#gt 2 4B. BP* 2 ©SttttfeVPifPSfttttt 
[0 07 4] ±m<D «fc 9 &IW*»tt*Wr*S 2 4 ©&S 

•9-1 4^6-en-enA^3nsnsisi54©mrf*^isi<Dflna 

ft. I&SP4©ftj£K©#>ffir--**>6. 3fW*;Uv>7 30 

tca^ft^ns. r««c. )gsp<si4ftsits'i*©2 5 
©*am-ett. MSPir^J)nas-fe>^2 os«yt-^ 

©flnag. Ig§P3©ftit&©tfetijx--*#>6. #;Uv> 
7 Jlr*®££&ftl>T:f&#£aiXC ftCteW4RaJ3 
©«&ftftab*sjKKjfc«>6n-5. CCT. tt*t&M$ 
C ffcfcW SBfcgp 4 RO-|ggP 3 <DZ:tl?tl<D®Mn 8.6 

[007 5 1ISS, mKy+^n-fe>tl4, 1 9JCJ: 

©j:9«c*^v>7^^jr©«ui%ffl(,>*ci"c. Hasp* 

a,= T (a»x. aoz) 

= T (ap • cos0 b-aq • sin 

[0085] >xtc. ftttMoss 1 6 tt. sna&wt'fr 
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* 4 *>igjgB 3 (ommn & e % a befits «t < set 

[0076] *k. is#toffl^g 1 6 &*. mmtw&m 
nm^rn. 2 8 omm t mz&mm&m.mfr®. 2 7©m 

[0 07 7 ] KriBWf*^StW*l?2 81CJ:.2>^S-C 

msp 1 1 QiiHAiiec ad asm.?i$ttc*i?zmm 

tbZtxi. "Tttfefc. &Wf*2©A§8gP9©«£tfSga 
d*. *©JW*2«:«|»3*iri»<5«nE«BW»ftK-b> 
-tf-2 2 tc J: Zf&.m& 8 ©/IftftgA a cO&HJt 1 - *© 
4Bff £ . WfBJggP««4ftgH-ffi'i*S2 5 tc J: 0 e» 

n/cngp 3 <Dmmn m a b©^niffl<k * ( e ) k 

[0078] ac=eb+Aec (6 ) 

[0079] c cr. MgC3©<si4ftga w*. ^sec 

3©±Sgp*iT^3PJ: 0 *>AP3 1 ©«dSr««:^*as J: 
©fi|i«:S«>©-C*0. )KWI58©®ftftaAad*. 

Afis§P9 ©TSsawAra 1 ©w#«ccsi#ia4«t ^ cca 

SiSP 9 tfHffi 3 Ott&KAt b r «*4 b T I » 4 W^tCiE© 
{iii^^t©^*^,, 
[0080] $ 6CC. §W«:2 OTBSP.l 1 ©«!4ft^ 

adji. ±fa©«fc i 5K:*&e,nfcAe§i59©^4ftaac 

H2>1f2 3K:i-5^Mg5l 0©BftftSAad©^Hlf r 
-df©^@«i*>6ac* (7) CCJ:0«W?tiS. 
[0 08 1 ] 0d=0c-Aad (7) 

[0082] cct, $mmi o<D®&ftmz. tbrsp 

1 l*iAiiSP9©l4^«:>PfL/-Cg[Afia59©WMffliJ{c<« 
[0083] * fc. HUlB»«]!jnj$Ssfa'J#K2 7 ©&g 

■ctt . «irK#(*ffis* c poyffij5o<Dmtm®& cnas 

l-t-2>J)n3iea„= r (a,x. a„z) *5^©<fc-5lC*i?)6n 
-So -ractofe. H>rfBSigPBaf^)nilK-fe>-9-2 0«:J;S)!g 
SP 3 ©mrf^[^©flDjS^©^Hi 7 s - * <7)^-|5|ffl^ ap, b5 
!dffigP±T/jnitlg-lz 2 HC J: SflgSP 3 ©±T^© 
^^©^^-^©^fit^aqi-rii. -g-n?.©^ 
tti^-^ap. aq<h. silia)ggPM*4ft«itS'I*S2 5 CC cfc 

JC (8) {C<fc0i^>FfJSe^CfCC*iW4fl|]jiea.- T (a, 
x a.z) 
[0084] 



ab, ap • sina b+aq • cosa b— g ) 
(8) 

i ©SRWf*ta^gp©ffi^©{4a (#*gg«i»cp©ii 
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C0086] h 4 9 tc. xmmnm-cm^zm 

m%-?Z>m#KL ra.i. TUSH Hcffl^r-SH9(*R2. 

R24. KaS3(CtI^-r*Bfl{*R3«»:. «TSM9S4. M<* 
7. 7R^rag(56^fcti-fcaJ^3 8 (fcTF. Jb«=SB 3 
8 4t,>5) MB^T£PWfcR44£il*SLTft.S«>©4b 
T^S^S-fc^r**. C©i»£. SP3«f*Rl4fM*R3 
4 ©MISSIS. &H!lttRl4^f*R24 ©££!»* 

n-eniiaragis. kmsbi o(ct@^-r^„ s/c. bm<*r3 10 

SC3 9r*5. 
[0 08 7 ]^-bT. Zmffifcrn-Cit* C©<f:9ftMtt 
V >i'*7 r ;UR©SH!l{*Ri~R4tt:>(*f£:-r5AP a 1 1 ©Pffltt 

_L#gp3 8 ) ©-en-en©^^ G2. G3. g4©&p$h$ 

[008 8] CCT, j^Mffi^g 1 6 «:fatS«^LT 
l>£&JWft*Bi!§Sl5©M'l>G:L G2. G3. G4CDfciS«. 20 

&mmmU<DM'bGL G2. G3. G4©ftg£f|-r 

*4>*> e.^B9fwa^a5©«i^^^©iS!if en 

IlgIJ9©^C 1 ^|tiI(C^tl<Dffig. -&TBSSP1 1©*4> 

G2©(4g«. arras 1 i©&w©i o©"W>*»&tii 
an i©«i^i6j(c5ssiit2©{4g£L-c«?n. -en 6 
©ffigtti. t2©fii^*6^Dto*e*6n-cj|i^a^g 30 
l 6{ciatt^F$n-r^5. f&©w&tB^gB©fi'i>. c 

[ 0 0 8 9 ] ft. ±&gB3 8©g4>G4©&gl;fc. l^iC 
KJbi*g|53 8(C^*h5ift7, 7©g&t©U^£ 
^f^F{C*jW5S§5«:7. 7W. HKtcnflS 

4©#>^{c*f^r*fi*fl<)^fiigM^K:^-5©'C. ±&gp 

3 8 (DM'bVKDtiLWte 3 « 4^S&-tf-<r . W*. M3£&$» 
WB(C*)tt&±fttB3 8©»C<*©Ci«4«l33BJ— 4ft 
5= 

[0090]Sifc. #*9B[afrC«. «Mfl4^ff <«• 40 
»*2©*B«9;RerFII»l 1, ±&g&3 
8) ©£<I>GL. G2. G3. C-WDfig^-Tf 1 — £©ffi. g 

EfltttB^atofifi©-^-*^. &HKtt§3as©-9-.fx© 

[0 09 1 ] ft. TI2SP1 l©£Stt. J£¥SB1 3?:$ 

#>tcmm-e$>2>. ^©j^cjsgtaasisgi 6 
tea e>a> oaofafgfiijs Lz/ct 1 - * «. nmmc <t o 
rfcortja***. arsj i©#fi-Hfc£#><=>. aib©¥ so 
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i». HKfc. ±EftWflsraasw>»C»a. C2, C3. C4© 
{Ag^, ££. U--fXtt. AH©JB«>f*£4tBWte*» 
*»>. *©*HIIMS«tc*^H»T. Afa©#*SO'<*«© 
JdBSWttffi*i»©£&(a, G2. C3, G4© 
(4g^. ££. ^-fXiikiaWBiSJ: <»«■*■* c 4 *« 

[0092] Wi2&S»£4>ftg)?Hi*©2 9 B. ±3:© 

*4, OTl3iaig|5«$4ftSlt«'J#©2 5S^JHSU«#4ft)g 

twiM32 6 kj; o *n-eti*»6tifcifc»4©«tt4ft 

Rfla ( = ±*aj3 8©«ttftlS) &0VaiS3©ttttA 

r e biD^tmm. t . wawft^scm*© 2 8 tc «t 0 * 
fc6nfcsw«:2©AiffiaJ9Siy : TiiaJi i©^-n^n 
©MMftsec 0d©^@fii4^6. KSP3 tc@^sn 
toH£o*#«-a*{*&**Cp (I4©xzi^) r 

©€-PW*tB^aP©S^CL G2. 03. C4©&g*^*^ 0 
[009 3] C©H^. SR9*tB^8i5 (#W*2©AiB 

gpgso-riigiJi 1. B?gP3. ±<*gB3 8> <otmnm 

0a~0d*s±^©J:5«c*at)e>nri^©r. -e©M*4 
a- 0 d ©t=- * i . SWmB^SP©^^ X©^ 

- * 4 *^ hSrwm&Xic ptc*$w ssraifttaagiJ©^ 

tB^S5©M'C<a. G2. G3. G4©{4a3&S*«DC.nSC44 

ft5. 

[0094] 0d^.«a4 *#«sur , HH 

4 ©2tiW{cfiBs-r -s mw 2 (CM 0 . AiSSP 9 ©#^ffiS 

itdc (ccom^, 04-c«e c <o-c*s) r*-5© 

"C. *#)S^Cp(C*J^-5A]D8SS9©£i:xGl©tflrg© 
(tL-sin0c. - O. • cosO c) 4 ft Sfc, 

TUgp 1 1 (omwmu&c xtaswztmnmz earn 

4Vit9d<0) r*S©-e. JHHHURCpicii^&T 
BSiJl 1 ©*^G2©{4g©ffi««, A)ffig|59©S3*L 
citlii. ( Lc • sin0 c+t2 • sin0 d. -Lc-cos^c 
-t2 -cosed) <hft£„ ffe©W^2©AIiSP9RC* r FSS 
95 1 1 mVIC, IggC 3 RO'±»gP 3 8 QMfcCrfCOlvc 
±fS4|p)^K:^*6>nSo 

[009 5 3 C©J: ^ tcor. S8iJS^Oegfitm#l82 
9{C«fc«). S#^*Cptc43W^SW!l*fB^SP©«^G 

1. G2. G3. G4©&g£jj<ab/c& 1 m&mmmm. 1 6 

«ctB^aJ©a^Gi G2. G3. G4©(ig©7 I -£4, SBW 

W5AH 1 ©JH*£'l>G0©{ig (xq. zq) «r**5. 
[009 6] CCT, #ftgg^*CpK43W-5)ga53© 

»>c3©ffi«aOTMi**n-en (x3. z3) . na ±(* 
S3 8©S4:<M©ffiSRVfis«-c-n-en (x4. z4) . 
m4. Ara l ©B>r*{cft*»-5t:SM©)Si(*2©Affi8gP9© 

fi'^GlW&gSCXffifi^r-g-n-en (xIL. zlL) . mU. 
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ft (x2L. z2L) . m2L *ifliJ©W<*2©^i8gP9<DS^C 
l©{igRtffig£^ft-eft (xlR. zlR) . mlR. 

2©TMgci i©*^G2©{4gRi>'*s=&^n-en (x2 

R. Z2R) . m2R, AfMJ 1 (DfcWL&M ( = it£LL+ m2L+nOR+ * 

xq= (mlL • xlL+mlR • >OR+in2L • x2L+m2R • x2R 

+ m3 • x3+m4 • x4) /M 
zq= (irfLL- zlL+rrOR- zlR+m2L- z2L+m2R- z2R 

+ m3 • z3+m4 • z4) /M 



(13) &0fl 2 0 0 3 - 8 9 0 8 3 

24 

*m2R+m3+m4) £-f&£, #{*J£«£SCp«::teW£Ara 1 
©#f*S<l>G0©{il! (xq, zq) tt^ ( 9 ) KJ: 
6ft£. 
[009 7 ] 



(9) 



[0098] C © <fc 5 iC I, r#ftS-^{4S^Hi^m 3 0 10 

smim^mm^M tu^® 3 2 ©*>yi £ . iwiasirftg 
»nifa3 1 <D$m t zmn-r s . 
[0099] corns, »im&mmmnm^&3 2 © 
Msrei*. g-r. ButaiM^#^A»c#{«4>{ig 
»ttJ*S3 0«:j:0*«)6n-5#^^CpCc*jW5 

JWfcS'OGCKDfig (xq. zq) ©B^?lj7*-#£ffll,>T. 
a#ffi^Cp(C*JW4#^S^CXXDfiiS (xq, zq) © 

£#f*»4>GO©JJ0iIK T (tf xq/dt 2 , rf zq/df )#3£«> 20 
6^5. ^■L.'C. CCDjjaiia t (d'xq/dt 2 . rfzq/dt 2 ) 

£ . mmmwmmsMm&frz 7tc±f)*» eft*:*** 

ffi^Cp©M£0©«6^ffiSlSCf{C*i^-5.JnjiSao = 
T (a„x, a,z) toy^t h^fa^*^c<fcocj:0. IS** 
0HH3iC «C:feH*£#f«4><M©Jjnj&K a = T (ax, az)# 

[ o i o o } $. tc. wriasir&s«ffi#e3 1 ©«it 
«, sr. iriaw(*^s;a#©2 8tcj:«3^a?)6n/c 

2 6 i 0 nfcjggp 3 <omm & ewf- 

#©<%IhHB<!:. ^AlffiglJ9Si>*T)EBgai 1©1MX(S 

3 ) ©7 s - s t & e. . wie§gi5fi/i:>{4^»m^s 2 9 © 

*?M£|5M$©MJI{tJ;-T>T, B«ia#*ffi«*Cp{c4BW 
2 ©SmSB 1 2 ©{4g##«> 6 ft £ „ fttfcWK: 
«. ^4€r#^LT. l§I04©^ffliJCC{4g-r5W«:2K: 

wu Tisspi i©s<* <wmB\ o©*,i:^e)S«rgi5 

12£T?©S3) £Ld£-r££. #«:ffi«^Cp{C*JW 
SJElTgfll 2©{ig©ffitl (xl2, zl2) tt. (Lc-sin 
0c+Ld-sin0d, - Lc • cos0 c~Ld • cos0 d) £&£ 40 
{{M.L. i4TH6c<0, 0d<O) . (^©SMfc 2 fC 

[oioii -e-u-c. c©jsman 2©j»&istg^cp 

tCfcWSftg (xi2. zl2) £iwiaJH**Wi©l*ffl3MS£ 
3 0 tCcfc 0 5}?*6ft/c#^ffi^CpK:*JW &#&»i>g 
0©{ig (xq, zq) (D^-tHD^mmtfrh. #f*Jl4> 

Go«:*ft-SSW*2©SlrS|5l 2©{fcg^* hJU T (xi2 
-xq. zl2-zq) . T&ft£. AtiasS (5) KfcWSA 
Xf. AZf. AXr. AZrrti#«>6ft£. 

[0102] ;xtc, \u%9m^wt i 6 «. B«ia«JS^« so 



©Mffir « . fWfa«f*&»J«tfr*© 2 4 tc «fc *) ^a©-! 1 - 
-T * ;U * A-C«K 3 ftfcJW* 2 ®Xttira*tittfP£& 

ifcirc* zm&iaz, ais 1 ©#*Ms.o's^flnaa g 
©fit (cftett&^Dfejgttw&ailgi etciatssft 
-cc^-5.) £> B?ta##a^flna@[#m^g:3 2(cj:i9* 

&6ft/c*g*fJ^f fttfcWS##fi4>C0©flDjiKa 
= T (ax. az)©4-[IHI£*»6. 8*133$ (2) (C<fc0. 

gtfisbrc^W(*2K:f / Pffl-r2,^JK^F= T (Fx, Fz) 

©«t5£ffi##i{>6ft*. C©*§^. *««©«!» 

2 («Wffl|(Dni»2 ) CCffifflTSBaS^tt. T (0. 0) 

[0103] W{*a«l*lJ»r#|g2 4«Cj;f)^151© 

•y- -( ? >i z a a x?mm ^ ft fcw^ 2 (ommmmm^i. 
mm-c&zm&t'Ci,*. xrn 1 ©^SMR^n^sniig 
g £ . bm ia#(*S'C^jtsmai^m 32«:<fcf)*«>6ft 

*t«*fffi#*C rtc43W^*•fta.C > ^G0©ft|jiaa = T (a 
x. az)©4-HHB£. HfTiaS*&ggtHi#K 3 1 (cj:0 
**6ft/cSW(*2©JSlraiJl 2©#&S4>G0«:*tT.z> 
{sigO^IHIffl©^-^ (Se (5) ©AXf, AZf. AX 
r, AZr^f-^O^Bil) £*^6. wiaSC (5) (C<fc 
0. #IWft2@©^S^Ff= T (Ffx. Ffz). Fr= 
T (F rx, F rz)©Jt«<B^*«66ftS. 
[0104] jgSLtoffi^g 1 6 tJ. ±^© J; ^ ft 

^©32. sir&gstB#©3 1. Rvm%.t>im^m 

3 6 ©Mil £ ffif o x . Bfriaw<*§5P»niiK»m^© 3 
3. w^sgBft/3ni$s#HJ¥©3 4. aaR^ffffl^atje 
*©3 5©#ia£i*itfrs. 

[0105] c©ia^. Htta)«i(*:sgi5flnjiiK»w^3 
3©^t?«. Mia#{«4>jjnjiaiiW©3 2©sas 
£!§!«> *-r> B?iaf-^i';i'^^A#{CBtiia#giJs^fii 

gfrtH*g29K:£i3 3c#>6ft & «^ c ptc *$ w 
SS»f*2©K!lf*taSSB-C«>SAI!aSI59RO*TliiSi51 1 
©S'C<iU G2©{£g©'€-ft-€ t ft©B3fifi?lj7 t - ^ 

•c. #(*ffi«^cp«:*jwsAiesi59sy r riiigi5i 1© 
m>bch C2©{4g©-^ft-eft©2pg{gt^fii. r%ft%« 

#(*)^«^ C picfe W S AMSP 9 RO'TIiSP 1 1 ©S4>G 

i C2©^ft-eft©ftnjie[ (*»ffia*cp©Boso«:*f 
■r-ssnas) *i*J6e.fts. ^b-r. c©-?-ft-eft©»n 
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ttffi«JSCftCteWSJm&K*= T (a,x. a,z) t<D<<? 

[oioeiifc. m s a mfr&$mmm&&mm3 a 
©ass-cut. maw -<>7>\>ii-< A&t,cffium#mmn-m 
#M32 8 ^&^i£&hnz&mw2<Dimu2mjn : m 
gpi i <Dzti?ti<Dmmn&e c. ed©^?^-** 
ffl^r. K>di2giJ9SLcrfegi5i i<D-eti^n«i4fts io 

[0 1 0 7 ] *fc. *E»3f¥fflA^g3 

«t>6n/cfflKH«(ca-5^rigtti^2(Dsma5i 2*> 

6. KP<*:2©S J l I Si51 3<DI*JK^(m* 3 
A) ^(D^f Y- )l> (SlTSP 1 2 CC^fTSm^fPffl.-fi© 20 

mvx^^m»2<D-AMM9<Dmmn&e cpmmrn 1 

M14£WU mi;f*MSP9©«*4ftlg0cfc:#fL-t. 

wiei^^fm*^* h>i. mo < «. aih i ©jitrfr 

|S) (XfiWlfiJ) CCfttt&tt£KAflUB&'<* hJU©«&5> 
i, ISilL^lfiJ (Z#^fSj) tefcW&gEj^^flm-^i' 

•r*. cct, *«9©;ft©«s4ftKectt. W(*2 

Wl 1 (D'&micmVZJ; 5tC*BggB9#|gaS3©flM> 

tc^ur«i4L,ri^i# <W*.«H2©AIBi©tira 
(C(Sj^orS(fJcD)W^2) ©ftig-e&f?. iE©«£4#ffi 

0 c«. w#2 j&*aio 1 ©B«fflKc?rr -s<fc 5 (cAesp9 
*^gP3©w^«:*J-Lr«i4b-ct,^i# (m«S2 
©AP^i<Dir^rK:i^^or&ffiijcDW^2) ©ftg-e* 

[0109] ^-c-e. *£BM0B*'Ctt. 05RtK06© 

*BB8l!8&*3|-f. AJffi3J9©ffi£4ftK0c£/-?7;<--* 40 

6ec&64>t;aE>eattfi!j$3tt'c<r»&.. -et-c. h?iej*s 

K2 8tC<fc9#»6nfcAJIgP9©MMftgec©^[II 
[0 1 10] CCT. i5Wi60,t^(C, AHSB9 

©«i4ftseowisi— -c&o-cfc«^4ftS0c©®^3a?i so 



^2003-89083 
26 

gpi 3<Dm&mmLxfrhr>&ifci)mmTZ£-c<Dms. 

mi(Dte (@5-Ctta 1©*B. 06tBb 1 ©tB) i, 
AJBBgi59©<«S4£l@:<9c#fi-C, Mo. Afliigf59©*i&4 
ft£0c©^<bag. BP*S. *l!2S|J9©i«£S4fljIg#:§t 
~C$>2>m2<Dl8 (S5"C«a 2©tB. H6-C«b2© 

fg) *i8Sis9©ra£tfiigec#j|-c. ao, Anias 

9©^4ftiSS^iE-C&S»3©tI (|5-CBa3© 
*B> a6-C«b3©tB) itcKfl-U fRRftfB§j£i'<» 

/c. 05CDtBKre^fC*JW^l*iJ:C>*m2<Dt§a 1. 
Xllll^lSj^^pxiU-C. 

PX=X, • 0c s +x, • flc'+x, • ec'+x, • 0c'+x s • 

ed+xt • 0c+x, 

SlSn*. BI5©ffiKRI^{C*s»5m3<0taa3 

©ififK5£«. 

px=x» • dc'+x, - dd+xi, • ec'+x,, • flc+x,, 

[0111] 06©tgMM^c*sW5mi*J<fcc>- 
• ZOHbl. b2Z&t>&tm<D&<mte. fafxMt 

pz=z» • ©c' + z, • 0c 5 + z, • Qc'+z, • 0c J + z 5 • 
0c' +z, • 0C+Z, 

4C»5Jg©6^©^31«IWtt (zk~&t*3t««) (CJ:») 
«?n-5 0 S/c. 06©tBMM^C*j^^m3©fflb 3 

PZ=Zi • 0C 3 +Zi • 0c , +z lo • 0C+Z,, 

6i^m<D3ix<D^m^mm (z.~z 11 ^»fii) tcj; 
[o 1 1 2 ] *lt, mfcMtm&^z h)i>z&&>z>m 

it. AKSC9©Mi4ftS0c©iEft*iaStJ-r^<!;«CC. 
CC cn6©^iJ3nfc«l4ft!K0c©iEai^4fta 

s 4afcta©ia^(c Aesu 9 ©«£4ft a e dD^mmz 

Ctitc^O^ AMg|59©«l4fta0c©i^ffllfC©^ 
[0 1 1 3 ] 1^8. *m$mmvit. 0^2©AJE8g|59© 

^-cja<HL/T. m&tntm*^* hJU*^s«t^K: 
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CO 1 14] g/c. fl^flMB£.©tfcWi* St6L/Tl» 

MSB9©rai4ftS6>c©tt:b«nc. KMg5ftS-fe>-9-2 
3-C§+a'J3n4JSM©l 0OItMA6*J^. (*5 

jjftm&<Dtii.m.ZMjz?2> £ ^ccor 

AHS|J9<Dj^4ftS0c<!:)S5Mgiil 0©IiigA 
[ 0 1 1 5 ] $ P»tc. AIB 1 tfW^f teffiS <t **>Wtlc 

m . mi o (kkto*) Maarrs. u-?x. ra^- 
[0116] ±iB©ftK*js^fm^o©a^«i^b/c* 

T ( 1% • a,x. m, • a, z) = T (FjX- F,x, 
«9>;tlC, T CF 2 x. F I z) = T (F t x-m l 
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?E^8 3 7 ©JSSSrDItT V X . SJWf* 2 ©J&Mgp 1 0 R 

3 3 . m#&mftmmm.nm^m a . mELMmtm 
je*S3 5 . Ro-«i(*^#w*ig2 8 cc j; o -en-en 



[ 0 1 1 9 ] C CT?. TMSP1 1 ©S'i>G2©»ieig T Ca, 

a&en* *>©-?&*„ g/c. tmspi i ©steiSspcDsm 30 

SP1 2Kf^rSM®JS* T (F 1 x, F,z)«. j&ftltttc 

l/Ct>S&*tCti. MBSft'CF.x. F»z)tt. mrie^ 
(2) KJ;0*»e.n-2,i5RS^ T (Fx. Fz) T^O. teJJf? 

CO. WW3fcf$t*»«::toi>Tv l&Wi* 

2 a* ah 1 ©JifT*iai«W(ciai*o'CfiMBfl!)W*-e** 

i*tC«, MIoJg^CF.x, F,z)». BMlBS;(5)CD 40 
mxt) T (Frx. Frz) -e*»). ^#2JWWM©lifrC* 
&£&CCU. BulBlS (5) ©JEfc£;7J T (Ffx. Ffz) T* 

So 

coi2 0]seor. sw*2©»ra©i otctwrs* 

Ic. • a> =M, -Mi +F*x • t2' • cos0d-F,z- t2 
+ F 2 x- t2 • cos£d-F 2 z 

M, =M, -It, • a, +F,x • t2' • cos0d-F,z • t2' 
+ F,x- t2 • cos0d-F,z 



*KS-3l»'C?ft>ft&. COMMblJ^rMt, ARB 1 

-5>&©-C&0. «B»J^»-CB. &l«l&2©l&Hgpl 
0> JHWB8*cf^ffl-r**-^>h*4JW«:*«t)6n 
-5. 

[0117] 5 fcKBfflKtt. S 1 1 «r#MUr. £ 

«BM*2©TIHM 1KWU TH*1 l©5fciSSgp 
CDSmSi51 2(cmBT** (KgSJS^J) . THSSBl 1© 

KHgpi ocsp^tc^ffl-r^ (Msss^) . Rzrrm 
mi i©*iC«c2©3feafliaiB[*. *ti-eti«*fffi««c 

ftCfc-WSBS^aiatCio-C. r (F,x, F,z). T CF 2 x. 
F lZ ), T Ca,x, a,z)<!:t. KTEISPl l©*S«rm,i-r 

JUft^^tt. W(10) 
[0118] 
F, Z -F lZ -in • g) 
ajX, FtZ-in ■ atZ-m, - g) 

(10) 

3 (c J: o e. n/cTMgp i i ©fi'C>G2©»njis T ca 

t x, a J z)©f : "^<»: > J5KJS**3e#g3 6(Cj:«3*«)6 
n^^^J ( = T CF t x, F,z)> ©f*-*i. TMSPl 

i©*6^DJt>*j&6n/'caam J ©7 r -^t. ttftflnii 

Kg©ffli*^. ±BSC(10) KJ;i)*Jf)6ti5. 

[0121] tit. mi i *#ilt, mat i.i ©ft 

1 l©KMgn OOW^tcfpfflrs^-y^hiM,. 
TMSPl l©*it<2©H»)©«tt*-^>h4i s ,. T 
HSBl l©fi^C2©[iI«3©fttt]3l)g ; S:a 1 i-r-2>. * 
fc. «WBH4«c*tieStt'C. TMSPl 1 ©fi>i>G2i»IW 
©1 0©4>^t©ra©Kiai ; lrt2. T)BSgi51 l©frto<t 

smsBi 2i©ra©isiit*t2' ( = w-t2> i-rit. 

TMSP 1 1 ©*«G2©@ 0 ©@KS«lK:MT-S.S!»^fi 
Stt^ «(1 1) tuz> e 

[0 12 2] 

• sin0d 
t2 • sin^d 



t2 



sin0d 
sin0d 
• (11) 



(16) 
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[0 12 3] CC-C. 5£(1 1) #©M,«. (1 

B-rt aw(*&a5ft ftniiegia^© 34fcj:95j<«>6ft£T 

©Hi^S2 8Ccj:f)*«)6nST!lSIJl 1 ©f»«*fltr 

*s„ £tc> T (F lX . f^i*, mr^oao^ J^S^Jf 10 

T (F lX . F.z),*. MiaSdO) CCj;t)5fctf>6*l 
€.fc<DT'*-5 0 ttc. «tt*->>hl„«TIia51 1 

uxm&imgm. i 6tcgai£.;*ft5*>©-c&£„ 

[0124] S£o"C, &WS51 0fC^ffl-T**->> h 

* t . J^S^^ffl 3 5 &tj: 4flsS*f^ffl.^ 

* hJUDf-*^ W{*ggPftfln«£littf^Jg3 4KJ:* 

^Fjx. F 3 z)= T (F 8 x-m, • a,x. 



[0 128] CCT. T (F jX . F,z)«. $fe(cmrie^ 
( i o ) tc j: o **/c)^m® i o ©KSSS^-C* 6, s 
T (a»x, a,z)ii, tfria)W<*sgi5ftnas»m^3 3 

tc«fc •) 6ft-5> A8Ig|59 ©m<kQ©*&*fgtISC ftc 

l^ = M,-Ioi • ori+F 2 x- tl' • cos0 c- F, z • tl" • sin0c 
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#m2 8(cj;4rMSI51 lroMMftgecKD^-f 

mias*; (io) cc«i:«)**e)nfcHgpS^ I (F,x, f,z) 

©■r-Si, *6A>i;*5jcisO/cTKS151 l©t§14^-^ 
>Hc,. (Ld) . fi<l>G2©<ig(t2)©7 r -£<!: 

frhmttt (11) tcj:<3#at>e>ft&. 
[0125] M©*-^> H«I5£*I23 7«> ±18© J: 
SKLTTJOISBI lO^MfiSl 0©3i»{C^t5*- 

> i IU— C<fc£©t\ BtfflftHin 

[0126] Ttefo*. 3Sf, AllS59©fi'kGl (04 

mm) ©^jtsj»«cMT^«»^s^cca-^<^s: ( 1 

2) (BaiaSdO) i!§ID^©^) CCJ;^ AHSB9 
<Df&MB 8 ©StWcftffl-T 5B8S5K2T (F, x, F, z)*s* 

[0127] 
FjZ-m, • aiZ-m, • g) 

(12) 

*• [o 1 2 9 ] &i>-c. ^iia59©«^Gi©isii)(D@iEa 
mtcm-rzssbumj&c&K *S(i3) (ansa 

(11) <t|5jCJ£©5£) iCJ:*K AJSBSi59©Hai?5Iii8© 
[0130] 



[0131] CCT. M2«. BUlBiS (11) tC<fcD*if> 
6ftfcl@SWffil 0©*-y>K '(F.x. F,z)«. M 
I25S ( 1 0 ) tC£*)*ti>htxtcmM%i 1 O©Pg0S^, 
T (F 3 x, F 3 z)». mitt ( 1 2) K:<fc«)5fci?>6*ifcHx 
H3gp8©M®S^. I^fct. *e>*>i;#>#«>/cAfiSgB9 

©a^ci©® o ©tit**- y > h . a , «fiiasaii*sgi5 
ft»nas#m^s 3 4 tc j; o 6*i £*isgii 9 ©ft fin 
iiBL e cUBfriaw»^#ffi*s 2 8 kj: «3 en 

*AlffiS&9©<9*4fta-C*£. ifc. a«. B5Mgp8© 

6^jngii 9 (Dm^iivomm (E4#m) . t 40 

l* W. 1 0©4i^6^:iSaB9©S^Gi*-C© 

sii 04-cttLc-ti) -r*>). cn?>«. 

*«>/cfi^Cl©( ! ig^AMt?l59©-9--(X (S3) 

$^t©-c*^„ 

[0132] j^±^L//ctes*5. ffi&mnmk&s 1 

6©-9--r^^^'CASfc^XSI?f$n > S)Wi*2{Ci^ffl 
•TS*5^-f>. S«H*2©KMIS1 0SO'fl5KI®8K:^ 

[0 133]^. ^IfflS^^Jffl^SiB^tt^-r^ 

^ue> h ntcmmm 1 0 ^asregp 8 ©* - y > h ©« 50 



+ FjX • tl • cos0 c-F 3 z- tl - sin0c 

(13) 

Mz.\iAf® 1 ©^tf^^tt-r^^ (^Hffi 1 



^tf^g) ©SMfflKCffll^ 6*1-5. 

[0134] Bfr^LfciS^a^i 6©^atcj:»)5}c 
to6ft/d5RJ§2j©«i;Efii (fifu<«. ^^©liSfii 

©iffi*ffii) ©^B$^t©«^^0 1 2~n 1 4K.mmv 

mm-T -5 „ * tc . iH^Mffi^M 1 6 ©#yi «c J; 0 6 

nfcKrass 1 0 R^flgHgp 8 (D^-jt > h ©,n^«i©s 

B^{fc©<t^01 5tC||«|-CM^-r5„ CCT. 01 

/cit^©«ai^. mi 3«Arai#i®8£#tTi/r#io/c 

«^-©l^?n. 0 1 4 «AR8 1 *5^{c)go/ctfc^6S: 



^±*5o/tli^©^t , *5. C©iSf 



1 2~0 1 



4 "CI*. 7*-xy-^^^ffl^-cmS^)?:IIS'J0/cib 
«W 0*JS^>©Xfii(cffiS-r5 «>©) #M&r#ia<* 

KlgS 1 0 %.&Mm& 8 ©*- j<> h *SI#J Ufci:b$5^ 

oanwss i orcxbsriiss©*-^^ h©K«i(cta^-r 
-&€>©) wmsnv fines nrt>€>. 

[0 1 3 5 ] 0 12-01 4£#MbTBjje.j!r>JtrJ:5 
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tc £ e> -r «: «t ft i > mixt)comn®.w& znx^zc 

1 0^B$H»©8©*-y> hfcJt^ffifti:<*^S 

C0136] feU:©«fc #HJ©t^(CJ:fttf. Spft 
2 (c AR3 1 <D*Hf ©iJBBSi Kite*). I&ft 2 ©aiifjccft 

M®8^J&Wg58K3£»0/cftft-te>-!>-2 2. 2 3^. 10 
M*5K£|«Lfcs;WD-fe>1f 1 4, 19RO'JjnjIft 
•te>lM 5 , 20, 2 1 £ l> 5 <i: 5 &Jt&lft/J^-C&fi 
&*>if£fflt»T&jgjft2K:{1UB-r SJ*J52>*\ Slfiift 
2<DflSWg58R^Ki51 0(c^ffl1-5t-»h*'J 

I. J sti^^asii^Kj: e>-r Kiti&iftWftj: < ff^e &** 
[ o 1 3 7 ] a. m±ntmLtcnmmiB^t, 

5C<b*s-C?4„ CCT\ -JS^ffD^v h-C«. MSB 

? j&ragp-^&rafB^JSftftftw:. -eneowffi 
c 0 1 3 8 j iztc. m&mmzmvte. m#2<DMMvi 
- } wu im nmmmm&m&m 2nc&*)i£tbht\z>i& 

3/c«><D0. 

[0 2 ] *«W©-^S»»«c4aWS^S*ff»tt»i 40 
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[ s 3 1 0 2 (Dsnmbcffi*. %mn&wtm<Dm&*WiW 

[05 ] ffl«0tfH#KfeWSmJS^ffl*^f hJKDjt 

0. 
0. 

[07] k> mictsv zmixMpm*^ * h *<dm 
0. 

[08] «^i:^±^»3NF(c*jW5)^s^ffl.^i' h 

;KDiltf *(6lfi5E^ £ BsHSS©® ft n ft £ OtlBBHfltem 

•r«0. 

[09] Pg&± 9 B#fCfcW *«cJR*f^lB^ * h >l><DB 
ft Hftf&ft £ A«©flS£4ftft £ ©OTM^^nt-ri^ 
0. 

[010] PgSTOB^tCfcW^mJ^fm*-^^ h JKO 

ift^^rsi^t A-MSi5©«i4^ft £ ©tawM^^-r^ 

0o 

[011] 03<D?a#Mffiilg©M8p^"^>Mt^^ 
[012] ##PJ©^M«: <fc D**6ti/oim^f 

[013] *^©HSSff^cJ:0*«)6nfcPgK±0 

[014] *?Ma<D£tHBtt(C «fc *)&&>t>tltctfiJ-±L% 

[015] *^BJ©HiSJf^c<]:«J^*6*i/c^Mg5S 

1 -AM (-JS^f^SJjft) . 2 -Sift. 3-|gg|5. 4 
•••*». 5-Jflft. 8-jRHfll. 9-ABSgP. 1 0-B5 
Bag5. 1 1-THSS. 1 2 -fitr» (#5£gfH4> . O- 
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